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Protective Immunity of Single and Multi-antigen DNA Vaccines
against Schistosomiasis
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We evaluated the usefulness of the combination of three plasmids encoding tegumental (pECL and pSM14) and
muscular (pIRV5) antigens of tBehistosoma mansooin improving the protective immunity over the use of a single
antigen as DNA vaccines. Female BALB/c mice were inoculated twice with 25 pg DNA plasmid within two weeks
interval. The challenge was performed with 80 cercarias of a regional isola® wfanson{SLM) one week after
the last immunization. Six weeks after challenge, all mice were perfused for worm load determination. The follow-
ing groups were analyzed: saline; empty vector; monovalent formulations of pECL; pSM14 and pIRV5 and also
double combinations of pECL/pIRV5 and pIRV5/pSM14 and a triple combination of pECL/pIRV5/pSM14. The
protection was expressed as a percentage of worm loads in each group compared with the saline group. The results
obtained were 41% (p < 0.05); 52% (p < 0.05); 51% (p < 0.05); 48% (p < 0.05); 55% (p < 0.05); 45% (p < 0.05);
65% (p < 0.05) for each group respectively.
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Schistosomiasis is an important public health probletmas been studied in different animal model and for differ-
affecting more than 200 million people in tropical and sukent parasites, such aSgchistosomgMohamed et al.
tropical countries around the world (El-Garem 1998). 164998),Plasmodium(Grifantini et al. 1998) L eishmania
Brazil, the endemic area covers two third of the east coagfu et al. 1995) antMycobacterium(Morris et al. 2000);
from Rio Grande do Norte to Minas Gerais, with the statesrus, as rabies (Lodmell et al. 1998), herpes (Sin et al.
of Paraiba, Pernambuco and Alagoas having the high@800), hepatitis C (Arichi et al. 2000), influenza (Dégano et
prevalences (Ximenes et al. 2000). The Nacional Heal#h. 2000, Johnson et al. 2000), dengue (Raviprakash et al.
Foundation (Funasa) estimated that there are appro2B00), measles (Schlereth et al. 2000), cytomegalovirus
mately 3 million people infected in the endemic areas ¢fMorello et al. 2000); as well as for melanoma (Xiang et al.
Brazil. The main strategies for control of schitosomiasi2000), and immune diseases, such as encefalomielitis
have relied on the use of mulusccides and treatment (d¥eissert et al. 2000).
the infected people. Despite the effectiveness of this It is postulated that an antigen candidate for vaccine
strategy on reducing the disease prevalence and the development against schitosomiasis should give consis-
verity of the clinical symptoms, its high cost is a problertently at least 40% of protection. We are evaluating the
for developing countries to maintain these control prammune protection level of three antigens Sm14, ECL and
grams for long periods (Chitsulo et al. 2000). AnothdrV5, individually and in combinations of DNA vaccines
approach considered is the development of antagainst schistosomiasis.
schistomiasis vaccines, desig_ned_to be _given during child- MATERIALS AND METHODS
hood, however no such vaccine is available yet.

Attenuated vaccines based on radiated cercariae hasPreparation of DNA vaccinesThree DNA vaccine
demonstrated protection of mice and non-human primatégnstructions were used: pECL codes for the 200 kDa
from schistosome challenge, however its use in humagycosylphosphatidylinositol-anchored surface protein
is not considered safe (Coulson 1997, Wilson & Coulsdivolved on the immune response to praziquantel treat-
1998). ment (Sauma et al. 1991); pSm14 codes another tegumen-

The DNA vaccines can induce both the humoral anf@' protein involved on the transport of fatty acids (Tendler
cellular arms of immune system (Kallina 1997). The imetal. 1996); and plrV5 (Soisson et al. 1992, 1993, Soisson

mune protection conferred by nucleic acid based vaccinsStrand 1993) codes for a 62 kDa muscle protein. All
constructions were obtained from an overnight batch fer-
mentation of the plasmid recombinant harbogsgheri-
chia coliDH5a strains. Plasmid DNA was extracted and

- - ) urified with the Flexiprep DNA-extraction Kit from
This work was founded by Brazilian Research Council (CNPApharmacia in endotoxin-free conditions and was sterilized
PADCTIII/CNPg no. 620470/98-4, Fiocruz and TDR No.ith 70% ethanol wash
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?gO?re()sponding author Fax: +55-81-3453-2449 E-mail: . vaccination of mice Six weeks old female BALB/c
nlucena@cpgam.fiocruz.br ' ' mice were divided into groups and inoculated subcutane-
Received 18 June 2002 ously with 50 pl of naked-DNA (0.5 pg/ml) saline solution
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formed with each plasmid, pECL, pSm14 or plrV5 and conthallenge. The results is shown in the Table. The group
binations of two or three of these. One week after immuniroculated with the empty vector induced an non-spe-
zation the animals were challenged with 80 cercariae froaific immune response leading to an important reduction
the S&o Lourenco da Mata strain (SLM), a regional strai(41%) of worm burden after challenge in relation to one
and six weeks after challenge each mice group was pareculated with saline. Those groups which received
fused with saline for harvesting the worms. Protection w&chistosomantigen encoding plasmid in combination
expressed as a percentage of the worm burden in each waith the expression vector gave a higher protection level
cinated group compared to the saline inoculated groupomparing to the saline group. The reduction of parasitic
Each experiment was performed at least twice. load for the following groups: pVAX + pECL , pVAX +
Enzyme-linked immunosorbent assByood samples Sml14 and pVAX + IrV5 were 52 %, 51% and 48%, respec-
were collected from each animal by retro orbital punctiotively .
before each vaccination event, challenge and perfusion. The induction of protective immunity by a double
A pool of serum was prepared from samples collected 8chistosoma antigen encoded-DNA vaceilreorder to
each group and tested for reactivity with SWAP (solublievestigate the effects of multiple antigens combinations
worm antigen preparation). A 96-well plates (Nunc) weren protection, we performed an experiment mixing equal
coated with 100 pl per well of SWAP (10 pg/ml) overnighamounts of plasmids encoding different schistosome an-
at £C. The plates were washed with PBS pH 7.4 contaitigens. Four groups of ten female BALB/c mice were vac-
ing 0.05% tween 20 (PBS-Tween) and blocked with a 2%nated as described in materials and methods with 25 pg
bovine serum albumin in PBS-Tween for 4 h at room tenof total DNA with combinations of two plasmids and a
perature. The wells were incubated with 100 pl of a serutmple formulation of 8 pg of each plasmid. The reduction
pool from each animal experimental group at 1:20 dilutionf worm burden with the double formulations pECL and
in triplicates and incubated overnight 8€4 After wash- plrV5, pSm14 and plrV5, were respectively 55% and 45%
ing six times with PBS-Tween 20 buffer, the plates werehich did not represent improvement over the single for-
incubated 1 h with 100 pl of the biotinylated anti-mouseulation using this schedule protocol for vaccination.
imunoglobulins (0.5 mg/ml, Pharmigen) and washed pridievertheless, the triple fomulation gave the highest level
incubation with peroxidase-labelled streptavidin for anaf protection, 65% (p < 0.0001) (Table).
other 1 h at room temperature. Colour development was Serological reactivity against SWAP upon immuni-
initiated by the addition of DAB substrate and stopperation and challengeSamples were collected two weeks
with 2N sulfuric acid solution. The reaction was measureafter the first vaccination and after the challenge. Serum
at 40 nm in an ELISA Reader (BioRad). of each mice within each experimental group was polled
Statistic analysis The variance of the worm burdentested for reactivity against SWAP. Monovalent DNA-
between the control group and each sample group waeccines examined showed a similar absorbance values
first calculated by the F-Test and then submitted to tHer IgM and IgG detection before challenge, while the
Student Test. The protection was significant whedouble vaccine formulation showed a tendency for IgG
p<0.05. predominance either after vaccination (Fig. 1A) or chal-
RESULTS lenge (Fig. 1B). The degree of stimulation of the specific

) ) o _ ~humoral response to the vaccination was two times higher
The induction of protective immunity by a singlefter challenge.

schistosomose antigen encoded-DNA vaceif®ur
groups of BALB/c female mice were vaccinated with DISCUSSION

25 ug of total DNA. One group received the empty vector The development of vaccines for complex parasites,
(pVAX) while the other three groups received a combinauch asSchistosomais a great challenge. A DNA vac-
tion of equal amounts of pVAX and a plasmid encodingine encoding the 20.8 kD& mansoniegumental pro-
one of the antigens, pECL, pSm14 or plrV5. An additionagin tested against an experimental murine schistosomia-
fifth group was inoculated with saline as control for thais induced 30% of protection (Mohamed et al. 1998). In

TABLE
Analysis of worm burden in vaccinated mice
Groups (n) \Wight Sex Worm average Protection p
average (9) M+ F) (SD) (%)
Saline (7) 15.5 159 + 140 42.7 (2.9) -
Empty vector (EV) (7) 15.0 95 +81 25.1 (6.3) 41 9 EO05
pECL + EV (7) 17.2 59 + 83 20.3 (2.9) 52 7 EO09
pSml4 + EV (7) 14.5 104 + 84 20.9 (6.7) 51 1 E06
plrV5 + EV (8) 14.9 94 + 83 22.1(9.1) 48 1E04
Saline (7) 12.9 104 + 59 23.2 (3.5) -
pECL + plrV5 (6) 145 36 + 27 10.5 (4.0) 55 6E05
pSm14 + plrV5 (8) 13.1 57 + 46 12.8 (5.6) 45 1E03

pECL + plrV5 + pSm14 (9) 11.6 38 + 35 8.1 (3.7) 65 6E03
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Fig. 1: specific IgM and IgG antibody response to soluble worm antigens two weeks after the first immunization (A) ahédllefigerc
(B). Each bar represents the optical density value of a pool of animal serum from each experimental group, as displajegend. the

another example, DNA immunizations of C57BI/6 mice wittshowed that th&. manson{Sm32) asparagil endopepti-
pWR6mMutP8, which codes for a mutant fornsofmansoni dase DNA vaccine induced a specific humoral response,
calpain (Hota-Mitchell et al. 1999) provided of 60% prohowever, despite no reduction on worm load was observed
tective immunity, which was correlated to the productiom challenge experiments, there was a reduction on para-
of antigen specific IgG1 (Th2 response). site fecundity resulting on the gain of weight by the vac-
Several DNA-vaccine constructions encoding$or cinated animals. DNA vaccine codii® japonicum
japonicumparamiosine did not induce protective immu<glutation-S-transferase (SjpGST28) was studied using dif-
nity after challenge, despite inducing the production derent immunization protocols in different mice strains,
specific antibodies 1gG1, IgG2a and IgG2b (Waine et dbut no antibody or protection after challenge was detected
1997). Serological reactivity for IgG was also observe(Scott & McManus 2000).
after DNA immunizations of the 23kDa tegumental pro- We now present that the three DNA encodd
tein albeit no protection was detected after challengeansonantigens Sm14, IrV5 and ECL induced protective
(Waine et al. 1999a). The comparison of the genetic intamunity ranging from 45 to 55% in a individually or in
munization with a plasmid coding either a secreted or nogembinations of two. The important non-specific protec-
secreted form of. japonicun22 kDa tegumental protein tion induced by the empty vector probably is due to the
demonstrated the influence of the plasmid constructigghort vaccination schedule used and perhaps induced by
on the capability to induce specific 1gG response, beirije CpG motifs on the backbone of the plasmid. The greater
superior in animals inoculated with the secreted fornigduction of the worm load induced by the triple antigen
however neither group induced protection to challengeaccine formulation appear to be significant, suggesting
(Waine et al. 1999b). The same happened to the DNat the utilization of multiple antigens irSzhistosoma
vaccine expressing Sj62 (Zhang et al. 2000), a homolog\¢fccine can contribute to improve the protective response
the S. mansonirV5 sequence. Chlichlia et al. (2002)against this complex pathogen. There was a very low
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humoral response to these DNA vaccines. This seamsLmdmell DL, Ray NB, Ewalt LC 1998. Gene gun particle-medi-
be consequence of a low degree of T-helper stimulation. ated vaccination with plasmid DNA confers protective im-
Further studies with the Sm14 and IrV5 antigens targeted Munity against rabies virus infectiovaccine 16115-118.

to the cellular compartments for major histocompatibilitpohamed MM, Shalaby KA, LoVerde PT, Karim AM 1998.
complex class Il processing and presentation resulted in Charafter'zat'ot” |°f St.mZ&Ei glmehmbeéofaf?r?g)écg Z%h'sm'
an increased T-helper response and markedly greater %’rsé?lrgecggLé:nr]:r?rr?e?nL:geSpectlc(J)rcDel-r|n203(L)rgSISOUppre:¢,sic.Jn of
tibody titers (Ihid C Ledo et a‘r_uanuscript in pr_eparation). murine c’ytomegalovirﬂs (MCMV) replicati.on with a DNA
Western blot of soluble and insoluble fractions of worm  yaccine ‘encoding MCMV M84 (a homolog of human
homogenate probed with a pool of vaccinated sera at the cytomegalovyrus pp65). Virol 74: 3696-3708.

dilution of 1:100 was positive only for the pool from theMorris S, Kelley C, Howard A, Li Z, Collins F 2000. The
plrvV5-vaccinated animals (data not shown). The ELISA immunogenicity of single and combination DNA vac-
data suggested that the multivalent vaccines were respon-cines against tuberculosigaccine 182155-2163.

sible for raising a specific IgG responseSomansoni Raviprakash K, Porter KR, Kochel TJ, Ewing D, Simmons M,
antigen. We are looking to examine the isotype of the IgG Phillips I, Mrphy GS, Weiss WR, Hayes CG 2000. Dengue
produced by each group tested and study the influence Y/TYS ype 1hDNA Vacc'”iézad“cff plrgtlefggg '{?5%“7””‘* re-
of schedule protocol on the protective response inducgg SPonse In rhesus macaq en Viro | :

he | [ of . uma SY, Tanaka TM, Strand M 1991. Selective of a
by empty vector and on the level of antibody response. glycosylphosphatidylinositol-anchored antigen from the
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